ABSTRACT With the use of biplane selective ventriculography, the ventricular volume, ejection fraction, and ventricular mass were evaluated in 28 patients with a single ventricle, and those with the left ventricular type (LV type, 12 patients) and right ventricular type (RV type, 16 patients) were compared. There were no significant differences in terms of age, hemoglobin, systemic oxygen saturation, or pulmonary-to-systemic flow ratio in the two groups. No patients with atrioventricular valve regurgitation were included. The ventricular cavity volume was calculated by the area-length method. The ventricular mass volume was determined as the shell volume created by subtracting the ventricular cavity volume from the total ventricular volume calculated by adding the free wall thickness to the chamber dimensions. The ventricular mass volume was converted to mass by multiplying by the gravity of the heart muscle. There was no significant difference between patients with the LV type and RV type of single ventricle with respect to the end-diastolic ventricular vclume (188 + 53 and 179 + 61 ml/m2 in LV and RV types, respectively), end-systolic volume (88 + 31 and 84 + 27 ml/m2), or ejection fraction (0.54 + 0.06 and 0.52 + 0.06). The following four indexes of the ventricular mass were significantly (p < .001) lower in patients with the RV type of single ventricle: ventricular wall thickness (3.9 ± 1.2 mm in RV type vs 6.9 ± 1.9 mm in LV type), ratio of the ventricular wall thickness to the transverse diameter of the ventricle (6.8 + 1.9% vs 12.1 ± 2.4%), ventricular mass (87 ± 35 vs 160 ± 47 g/m2), and ratio of ventricular mass to end-diastolic volume (0.48 ± 0.11 vs 0.88 + 0.17 g/ml). There was a positive linear correlation between the ventricular mass index and the pulmonary-to-systemic blood flow ratio in patients with LV type (r = .71, p < .01) but no correlation was seen in those with RV type. These results suggest that there is inadequate ventricular hypertrophy (insufficient ventricular mass to ventricular volume) in patients with the RV type of single ventricle compared with that in those with the LV type and this may lead to abnormal contractile state and poor adaptation of ventricular function in patients with the RV type of single ventricle.
FOR SINGLE VENTRICLE in which the dominant chamber has a right (RV type), left (LV type), or indeterminate morphology, various surgical approaches have been applied, including both palliative'-3 and definitive procedures.Y9 Moodie et al., l " however, reported that unoperated patients with a single ventricle of the RV type apparently have a grim prognosis, and that their long-term prognosis is not actually improved by palliative procedures. Furthermore, the results of definitive surgery for this type 62 of single ventricle are still discouraging. 12 13 The cause of these less than satisfactory results may partly be the higher incidence of associated anomalies in patients with single right ventricle. 14 Ventricular dysfunction may be a more important cause of this difficulty in clinical management, but this has not yet been proven.
After documenting frequent late deaths from congestive heart failure after the Blalock-Taussig shunt operation in patients with single right ventricle, we hypothesized that this type of single ventricle may result in poor functional adaptation to volume overload. Although analysis of ventricular cavity size and extent of myocardial hypertrophy is essential in the evaluation of ventricular function of a single ventricle, there has been little information published on quan-CIRCULATION projections was traced manually at end-diastole and end-systole during the sinus rhythm on the recorded selective ventriculogram ( figure 1 ). The largest ventricular projection was assumed to represent end-diastole and the smallest end-systole. The ventricular cavity area and the length ofthe long axis were measured. In addition, on the each posteroanterior projection the outer margin of the free ventricular wall was outlined at end-diastole.
The middle third segment of the left cardiac border (and that of the right cardiac border in patients with dextrocardia) was traced (figure 1) , since this region is most clearly outlined on the ventriculogram. The ventricular wall thickness was determined as an average of 30 to 50 wall thickness measurements of this segment. These measurements were processed with a digitizer (NEC PC-8875) connected to a computer (NEC PC-9801). Calculation of ventricular volume. The ventricular volume was calculated according to the area-length method by calibration with a steel sphere 30 mm in diameter. No regression equation was applied. The ventricular volume was expressed as the indexed value for the body surface area.
Ventricular mass calculation. The ventricular mass volume was determined as the shell volume created by subtracting the ventricular cavity volume from the total ventricular volume (the cavity volume plus mass volume) calculated by adding the ventricular wall thickness to the chamber dimensions. The formula used was as follows16:
where VMV = ventricular mass volume; da = transverse diameter calculated from the posteroanterior projection; dl = transverse diameter calculated from the lateral projection; h = end-diastolic wall thickness; l = maximum length of the long axis, whether on the posteroanterior or lateral projection. In this study, it was shown that there was no significant difference in the ventricular volume characteristics in patients with the two types of single ventricle, a finding that is consistent with previous studies.23 ' 24 The ventricular mass value, however, including the wall thickness, was significantly smaller in the RV type than in the LV type group. VM/EDV and the wall thickness-to-chamber diameter ratio in patients with RV type single ventricle were also significantly reduced compared with those in patients with the LV type. Thus, low ventricular mass and insufficient mass relative to chamber volume have been demonstrated in patients with RV type single ventricle. These data also suggest that ventricular contractile state and function may be different in patients with the two types of single ventricle, even though they have similar ventricular volumes and pump function. There was no significant difference between the two groups in terms of the age at investigation, systemic oxygen saturation, or hemoglobin values. There was also no significant difference in the pulmonary-to-systemic flow ratio or in the end-diastolic volume. The degree of volume overload is directly related to the pulmonary blood flow' 7; therefore, the two groups in this study were compared under similar hemodynamic and ventricular volume overload conditions. The difference in ventricular mass and VM/EDV thus appear to be mainly related to the morphologic difference between the two types of single ventricle.
The methodologic validity of the measurement of ventricular mass in this study may be controversial. Accuracy of ventricular mass data is subject to limitations due to the chamber shape and nonuniformity of wall thickness. However, the shape of the main chamber of a single ventricle observed angiographically and echocardiographically in this study appeared to be elliptical or spherical, and this was true in patients with LV and RV type of single ventricle. Regarding the uniformity of wall thickness, we also performed twodimensional echocardiographic studies. Figure 6 illustrates short-axis echocardiograms from the two patients whose ventriculograms are shown in figure 1 . The ventricular wall, excluding the papillary muscle and trabeculae, has almost uniform thickness in patients with both types of single ventricle. Asymmetrical ventricular hypertrophy was not detected in any of the 22 66 patients undergoing the echocardiographic study. In addition, we measured the wall thickness of an adequate lateral free wall of the main chamber on the cineangiogram. For the above reasons, we concluded that ventricular mass could be calculated in patients with single ventricle by basically the same method with the use of a shell model in left ventricle. 16 Confirmation of the method for measurement of the wall thickness from the cineangiogram is possible with other, more direct, methods such as echocardiography and autopsy. We evaluated wall thickness by two-dimensional echocardiography in eight patients with each type of single ventricle and obtained a significant linear correlation between the cineangiographic (y) and echocardiographic (x) measurements: y(mm) -0.984x -0.166 (r = .99, p <.O01). Wealsomeasured wall thickness in one postmortem heart with single right ventricle. The heart was kept in saline for 12 hr after autopsy and a ventriculogram was prepared. 
